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Abstract.

Multiwavelength lidar measurciments of stratospheric aerosols
performed at the Arctic NDSC station 011 Spitsbergen during
winter 1992/93 arc analyzed. Altitude profiles of particle median
radius and voluine density arc derived for measurcinents with
acrosol depolarization smaller than 0.01. Below an altitude
corresponding to 450 K potential temperature the Pinatubo acrosol
layer dominated the stratospheric acrosol content with volume
densitics of morethan 10 gom®/cm® whercas above 450 K volume
densitics were close to background values of 0.1 jan®/cm?. 1 lowever,
at all altitude levels between 350 and 550 K volume densitics
consistently increased by a factor of 2- 30 when temperatures
approached the frost point. The observations arc compared to
results from thermodynamic model calculations at altitude levels
of 400, 440, and 480 K. Good agrccment between the observed and
theorctically derived temperature dependencies of volume density
suggests that type Ib polar stratospheric clouds as well as volcanic
acrosols at low temperatures arc composed of a ternary liquid
solution of sulfuric and nitric acid. At all altitude levels model
results indicated more than 90% 1INOj3 gas phasce depletion as
temperatures approached the frost point. A incan profile of total
13S0 vimr is derived decreasing from about 4 ppbv at 350 K {o

about 0.5 ppbv above 450 1,




Introduction

Polar stratospheric clouds (PSCs) play a fundamental role in Arctic and Antarctic
stratospheric chemistry. Heterogencous reactions occurring on PSC particle surfaces
activate chlorine species lcading to catalytic ozonc loss. ‘1'here are two major types of
P’SCs[Poole and McCormick, 1988; Browcll ct al., 1990; Toon et al., 1990]: type 11 PSCs
arc observed bclow the frost point and thought to be water icc clouds, while type 1 PSCs
arc observed to exist attemperaturesb 7 K above the frost point. The composition
and phasc of typc | PSCs is still uncertain[Dycet al., 1992]. Recent analyses of 1R-2
in-situ mcasurcinents by Carslaw ct al. [] 994] and Drdla et al. [1 994] indicate that
some of the observed type 1 PSCs were not composed of nitric acid trihydrate (N AT
but of a ternary liquid solution of 11,504, HINQ3, and H20.urthermore, laboratory
micasurcments have shown that aqueous solutions of sulfuric and nitric acid arc unlikely
to freeze under stratospheric conditions for temperatures above the frost point [Koop
ctal., 1995]. Thermodynamic mode] calculations show that water and nitric acid arc
taken up by the sulfuric acid aerosol if temiperatures approach the frost point thereby

changing its composition from binary ]],S04]]2. " droplets to ternary solution particles
with 11,504 weight percentage of less than 5% [Carslaw ¢t al., 1994; Tabazadch et al.,
199'4].

Dycet al. [1 992] have analyzed the growth of stratospheric sulfuric acid aerosols
using 15R-2 in-situ measurcinents during background conditions in January 1989. At
altitudes between 440 and 460 K they found a 50 fold incrcasc inthe particle voluimne
density duc to I1INO,uptake as temperatures approached the frost point. For another
ER-21light in1992 Toon ¢t al. [1993] hiave attributed the observed gas phasc depletion
of HINQOjto uptake into volcanic }],S04]]2. " acrosols. Inthis paper wc discuss the
temperature dependence of particle volume densities in the presence of volcanic aerosols

and directly compare this withthe observed aerosol growth at higher, volcanically

unperturbed altitudes. The volcanic sulfuric acid acrosols are duc to the cruption




of the Philippinc volcano Mt. Pinatubo inJune 1991 [McCormick and Veiga, 1992].
Our analysis is based on lidar mcasurcinents of volcanic aerosols and P’SCs recorded
during winter 1992/93 at the Arctic NDSC (Network for the Dectection of Stratospheric
Change) station (Koldewey station) in Ny-Alesund, Spitsbergen (79°N, 12°E) [Beyerle
ct al., 1994].

After a brief description of the mcasurcinent we discuss the derivation of backscatter
cocflicients and size distributions from the lidar data. Due to the lower spatial and
temporal resolution of our reinote sensing data compared to in-situ measurements wc
usc a statistical approachin order to derive the temperature dependence of volume
density of stratospheric ternary solution (S'1'S) particles from observations recorded over
a period of two monthis in winter 1992/93. Finally the results are compared to S'I'S

model calculations.

Instrumentation and data reduction

Multiwavelength lidar observations of stratospheric acrosols have been performed
at Koldewey station since Noveinber 1991, During the winter 1992/93 the aerosol
lidar systemn operated at three wavelengths: the Raman shifted wavelength of a XeCl
Fxcimer laser (353 nm) and the fundamental and first harmonic of a Nd:YAG laser
(1064 and 532 nm). The laser pulse repetition frequency was 30 Hz with UV-and
V] S/ R-chanucls triggered alternately in order to reduce cross-talk between detection
chanuncls. Additionally, voluine depolarization at 532 nin was recorded. Saturation of
the photodetectors by intense signals backscattered from the troposphere was prevented
by micans of a mechanical shutter (chopper). The altitude range between the tropopausce
(typically between 8 and 10 kin at Spitsbergen) and about 40 kin was covered with
a spatial resolution of 200 In. For data analysis signal counts were integrated over
40,000 laser pulscs resulting in a temporal resolution of 22 min. Instrumental details arc

described by Neuber et al. [19'32] and Beyerle and Neuber [1994].
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Derivation of backscatter coefficients

The particle backscatter cocflicient 4 as a function of altitude z is derived
using Klett’s algorithin with constant ratios of extinction to backscatter cocflicient,
L(z)=a?(2)/B4(2) [Klelt, 1985]. During the winier 1992/93 the lidar systcm was
not yet equipped with a Raman detection channel and therefore the value of the lidar
ratio I, = 30, 40 and 60 sr - 50% at 353, 532 and 1064 nm,respectively, is taken fromn
the literature [Jéger and Hofmann, 1 991; Thomason and Osborn, 1992]. Profiles of the
mnolccular backscatier cocfficient 8%(2) are calculated from temperaturc and pressure
profiles obtained from daily acrological sound ings at Koldewcey station. The sondes
usually rcached altitudes of more than 30 kin. As no aerosols were observed above
25 kmdata from mode] atmospheres arc not required. We determine the constant of

]ST—]

integration in Klett’s algorithin by imposing 3 4(2;)= O ™~ in the least square
sense for all altitude levels z; between 25 kinand the upper end of the observed density
profile [Kleit, 1 985]. The statistical variations of themcasured signal counts, whichare
assumed to follow Poisson statistics, and the uncertainty of the density profile represent
the dominating contributions to the error of 84(z2). T'ypically, the relative errors of
BA(z, A= 353, 532 mmn) arc 5 10% and for 34(2,A= 1064 nin)arc 20- 30% at altitudes

between 10 and 20 km.

Derivation of size distributions

From the wavelength dependence of the particle backscatter cocflicients 84(A;)
(A1=: 353 nm, A; =- 532 nm, and A3 = 1064 nm)information onthe particle size
distribution) is extracted. The extinction cocflicients o” = 1, 44 are not taken into
account because of the large systematic uncertainty of thelidar ratio 1. Our procedure
is based onalgorithms described by Larsen [1 992) and Beycerle et al. [1 994]. As the
mecasurciments provide only three picces of information onthe actual size distribution

wc restrict the number of possible solutions of the inversion problem by imposing the




following constraints:

1. The aerosol size distribution is assumed to be a monomodal lognormal distribution

[Pinnick et al., 1 976]

dN4 NA In?(r/#) 1
me s E e = OXPD |
dr V27 In(s) I 2In’s <

where N2, 7 and s denote the particle number density, the median radius and the

geometric standard deviation, respectively.
2. The particle number density is constant, N4 = 15em=2,

3. The particles arc composed of an aqucous solution of nitric and sulfuric acid in

thermodynamic equilibrium with ambient HNOgz and H,0 vapor.

The validity of the first and sccond assumption is substantiated by in-situ
mcasurcments of the aged Pinatubo acrosol by Deshler [1 994]. 1lisncasurcments
during January/February 1992 show that the actual size distribution is rcasonably well
approximated by 15q. 1. Furthermore, condensation nuclei number densitics in the
altitude range 10 30 ki vary only between hand 50 eimn™ 3 As will be discussed later
the derived volume densities depend only weakly on the selected value of A4 provided
5can™3 & N4 R 50 e, The third assumption implics a homogencous particle
composition and a spherical particle shape. Thercefore, Mic scattering theory can be used
for the size distribution calculation. The assuinptionis justified by obscrvational and
theoreticalresults [eg. Drdlact al., 1994; Carslaw cl al., 1994] provided there are no
rapid temperature fluctuations which could lead to strongly perturbed non-cquilibrium
compositions[Mecilinger ct al., 1 995].

However, our depolarization measurements indicate that a considerable fraction
of the observed acrosols were non-spherical [Beycerle et al., 1994]. Thercfore, all

mcasurements with acrosol depolarization 84 = [if/ﬁlfll larger than 0.01 arc excluded

fromthe following analysis. 1lere, 84 (ﬂl’f)dcnotcs the aerosol backscaticr coefficient




derived from the cross-polarization (aligned-polarization) detection channel. We
notc that duc to normalization uncertaintics 94 is aflected by a systematic error of
about 50%. The excluded data represent 32% of all measurcments with backscatter
ratio 12=p34/B" + 1at 532 nm larger than 1.1.

The size distribution parameters and s arc determined by comparing the mnecasured
backscatter cocflicients with results from Mic scattering calculations. The median

radius 7 and geometric standard deviation s are found by minimizing

i (:HA )‘nz t) - lf()“i’@))? )

of (/\,, z,1)
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for every mcasurcment 84()\;, z,1) at altitude zandtimet. 1 lcrc,agdcnotcsthc error

of B4(Ai, 2,1). The calculated backscaticr cocflicients b(\, m)are given by

T . dNA
b(A,m) = /(17 £d7( NA v s)m 2@5(?——727,771) ()
0

wliere () is the Mic backscattering efliciency at wavelength A for a spherical particle
with radius » and refractive index m. & is calculated numerically [Bohren and Huffman,
1083).

A's x?depends nonlincarly on # and s we determine the global minimum of ¥? by
evaluating lq. 3 at 142 valucs of 7 ranging from ().)(5 pm to 5.() pmwith logarithmic
steps of 1.05 and 39 values of s ranging from 1.1 to 3 with lincar steps of 0.05. If the
mintmum lies on the border of the (7, s)-grid (i.e. #= 0.005 gam or #=5un or s= 1.1
or s = 3) the result is rejected.

The procedure is repeated N = 50 times where the icasured B4(A;, z,1) arc replaced
by 84(Aiy 2, 1) + AﬂJA giving a set of N solutions7;,s;, 7= 1, , ., N. Aﬁ;‘ is a Gaussian
distributed random value with standard deviation cqualio the incasurement errors oga.
The final values 7 and s arc then obtained as geometric means of #; and s. The volume

density V is calculated from A4, 7 and s accordi ng to the Hatch-Choate equation

- SNt (5 () | (4




The covariance matrix Cov(#;, s;) provides information on the errors of ©and s, their
corrclation, and on the error of V.

In order to test the influence of keeping the value of MN4at 15 cm®the
calculation] was rcpeated with A4 =5cm2and 50 cin~3 On the basis of all
302 profiles the ratios of volume densitics V(N4 =5 cm™2)/V(N4 =- 15 cin” 3, and
V(NA= 50 cm™®)/V(N4 = 15 cm™®)arc foundto be 0.96 and 1.11with standard
deviations of 0.24 and 0.39, respectively. As therelative error of Vison average 50%
choosing M4 within the range 5 to 50 cm™ does not seem to change the derived volume
densitics significantly. This result is inaccordanice with theorctical considerations [e.qg.

Heintzenberg et al., 1 981; Thomalla and Quenzel, 1 982).

Refractive index

Derivation of 7 and s on the basis of 15gs. 2 and 3 requires knowledge of the refractive
indexm of S'1'S particles which depends onthe 11,504 and HHNOj3 weight percentages,
ws and WN- To the best of our knowledge no data on the wavclength and temperature
dependence of m as a function of ws and wy, arc currently available. Therefore,
7’)1()\,’]',105,u)1v)is calculated based on the 1 .orentz-lorenz rclation for the ternary
solution. Dctails of the derivation will be published elsewhere (B. Luo, manuscript in
preparation). Inthe following analtitude independent HoO vine of 5 ppmv [Ovarlez and
Ovarlez, 1994] and an 1INOgz vir profile peaking at 10 ppbv derived from LIMS data is
USCd [ Gille and R usscll,] 984].

A s the total H2504 vinr and, therefore, ws and wn arc not known a-priori, an
iterative procedure is used. (Wc define total vinr as the voluine mixing ratio that would
be observed if all molecules inthe liquid phasc were present in the gas phase. ) First,
preliminary volume densities V are derived using an approximated refractive index m.
As will be discussed later comparison of ¥ with S1'S model results providesan estimate

of total 12504 vinr. Finally wg, wn, and m arc obtained from the STS model as well




as the Lorentz-Lorenz relation and the size distribution calculation is repeated with m.
The approximated refractive index 1 is obtained in the following way. Wc assume
that the aerosols consist of binary H2504/H20 solution in equilibrium with ambient
water vapor. Temperature and 120 partial pressure determine the 1,504 weight
percentage [Steele and Hamill, 1 981; Russell and Hamill, 1984]. 1rom laboratory data
by Palmer and Williams [1 975] the113504/115,0 refractive index at the lidar wavclengths
is calculated by inter- and cxirapolation. Provided the molar refraction is independent

of temperature the refractive index can becorrected for stratospheric temperatures by

} | 2a
1- «a

p(T') *(1p) - 1

p(1o) (1) - 2

mcans of the Lorentz-1.,orenz relation

(1)

"

where p(1p) denotes the density at laboratory temperature 7o = 300 K. llere, 7 and m
arc assumed to be rcalat thelidar wavelengths.

Wenote that usc of minstead of rmmodifics the calculated volume densities on
average by a factor of 0.S7 -4 0.2. Fven if 7 instcad of mn was used the conclusion
rcached in this paper would be the same.

The temperature and wavelength dependence of m is shownin Figure 1 (bottom)
using 11,S0411NQ3, 11,0 total vinr of 0.5 ppbv, 10 ppbv and 5 ppmv, respectively.
Atmospheric pressure is takentobe 50h1a. The frost point and the NAT equilibrium
temperature are indicated by vertical arrows. The NAT equilibrium temperature is
calculated assuming 5 ppmv 11,0 and an HNOj profile pecaking at 10 ppbv as derived
from LIMS data [Gille and Russcll, 1984; lanson and Maucrsberger,1988). The
top diagram indicates the temperature dependence of the HySOg4and HINQ3 weight
percentages. The incrcase of wy and decrcase of Ws for temperatures falling below the
NAT cquilibrium temperature is caused by uptake of 11,0 and HNOs[Carslawet ai.,

1994].

[Figure 1
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Results and Discussion

The polar vortex of winter 1992/93 was characterized by a stable, cold phase lasting
from the end of November 1992 to the end of January 1993 [Naujokal et al., 1993].
Despite a temporary vortex split at the end of December 1992 the vortex remained
stable leading to low stratospheric temperatures during January. [Flguﬁ

Results of the size distribution calculations arc shownin Figures 2 and 3. Figure 2
gives the temporal development of median particle radius as a function of altitude.
Between the tropopause (inarked as dashed line) and about 450 K potential temperature
wc observed the Pinatubo aerosol layer with median radii exceeding 0.3 pm. Above
450 K the temporal variability of #increascessignificantly. The average relative crror of
7 is inthe order of 60%. Similarly, Figure 3 shows the temporal development of the
volume density as a function of altitude. Withintihe layer of volcanic acrosols volume
densities of more than 10 um®/cm?® arc found. The relative crrors of V vary between
30 and 50%. We notc that at higher altitudes around 480 K volume densitics approach
al most the background value of 0.1 gm?3/cin®([Dyc et al., 1992]. For the graphical
representation in Figures 2 and 3 the data sets have been interpolated intime using
Gaussian weights with a standard deviation of” one day. White areas indicate that either

lidar data is not available or values of rand s cannotl be derived or é,4 exceeds 0.01. (Figure 3.

above 450 1{ during January 1993. Comparison withtemperature data obtained

from ol]-site balloonsoundings (Figure 4) reveals that Vincrcases significantly as 7'
approaches the frost pointat al altitude levels between 350 and 550 K. Below 450 K
the enhancements arc inthe order of a factor of two, above 450 K volume changes by

onc order of magnitude arc observed. rlﬁlg)u;;:{\]

The temperature dependence of V at three altitude levels is shown in Figures 5, 6, [Figure 6.,
and 7. The data points in the top diagramns of each figurc give geometric means V(1) of jﬁfgﬁ}—é'ﬂ

individual mcasurements V(7') at altitudes of 400, 440 and 480 1{, respectively. While
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the layer around 440 K is strongly iniffluenced by the volcanic acrosol with enhanced
volume densities (about 2 gm?®/em?), at 480 K background conditions prevail (about
0.1 gm3/cm?®) and only very low temperatures lead to the dramatically incrcased volume
densitics (up to 30 pm3/cm?®)in the course of type Ib PSC formation.

The geometric mean of V(1') is formed over al data withinthe temperature interval
[7, T'4AT] (AT = 05 K) andan altitude interval of 4 10 K. For each mcan value
a pair of error bars arc presented. The left ones gives the standard deviation of the
mecasurcments and the right ones the average error of the individual mcasurements.
Vertical arrows indicate the NAT equilibrium temperaturc and the frost point. (In the
following the NA'T' equilibrium and frost point temperature are solely used as reference
valucs.)

Wc note that V(7') is calculated onthe basis of 1034 (458, 1 99) mecasurements with
b4 <0.01 from a totalacrosol data set of 1551 (1 092, 508) mcasurcinents at 400 K
(440 K, 480 K) rccordcd over a twononths period. in calculating the means over data
at constant potential tempcrature we imnplicitly assume that total 12504 and HINO3
vimr Were constant within isentropic layers during December 1992 and January 1993.

This assumption is only partially fulfilled as is indicated in Figure 7 by enhanced
valucs of V at temperatures above 205 1{. Those data sets were rccorded on December
24/25 and 31. 'Irajectory analyses at 4751< indicale that during these days air from
lower latitudes were observed above Spitshergen. Withinthe polar vortex subsidence in
combination with the vertical gradient of total 2SO vinr s (cf. Figure 8) leads to a
reduction of ¥s whereas on these particular days out-of-vortex air led to enhanced values
of xgandtherefore larger volume densitics were observed. Iurthermore, we assume
that diabatic vertical transport over morcthanthe width of the chosen altitude interval
(20 1{) canbeneglected during the measurement period.

At allthree altitude levels V incrcases significantly as tempceratures approach the

frost point. Wc compare our observations with results from thermodynamic model
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calculations whicharein good agrecment with available laboratory data [Carslaw et al.,
1994]. The ST'S model predicts a continuous increasc in particle volume as temperatures
fall below the NAT cquilibriumtemperature. The volume increase is caused by the
uptake of 11,0 and 1INQzinto the liquid acrosol duc to the enhanced solubilily of thesc
gases al low tempceraturcs. Theanalytic expressions given by Carslaw et al. [1 995]
which represent a simplified formulation of the thermodynamic STS model arc used here
to determine particle volume and composition. The mnodel yields particle composition
in terms of the H25SO4 and HNO;3 weight percentages and the volume density as a
function of temperature, atmospheric pressure, ambi ent H20 vinr and H,504/11NO5
molar concentrations. Mass conservation of 1INQOj is taken into account.
The model results are given as solid line in the top diagrams of Figures 5, 6, ant]
7. ‘1'eta] H3S0,4 vinr is determined with alcast square fit. The result for twice (half)
the amount of s is shown by the dashed (das])cd-dotted) line. Additionally, the
temperature dependence of 13504 and HNO3 weight percentages as derived froin the
S’1’S modecl is plotted in the center diagrams of Figures 5, 6, ant] 7, respectively. The
bottom diagrams indicate the 11N O3 gas phasc depletionin terms of the ratio of 1INO3
vinr and HNOQO3 total vmr.
The good agreement between observed and calculated volume densitics at all three
, dtitude levels suggests that the observed aerosols between 350 and 550 K arc composed
: of & liquid ternary solutions of sulfuric andnitric acid. Therefore, we belicve that
volcanic acrosols at low temperatures and type 1 b PSC shiould be considered to belong
to the same class of stratospheric aerosols. The apparent lack of a discontinuity in
V(T) at the NAT cquilibrium temperature indicates that the composition of these
low-depolarization particles is not NAT. At all three altitude levels considerable 11INOj3
gas phase depletion of more than 90% should accompany particle growth at temperatures
close tothe frost point. This could have considerable consequences for the formation

probability of NAT particles since the NAT equilibrium temperature drops by 3.2 K
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if 10 ppbv1INO3z gas phase vinrat 50 hPPa altitude is reduced tolppbv assuming

5 ppmv HoO[Hanson and Maucrsberger, 1 988).

I"igEre 8.
our comparison of observed and calculated aerosol volumec densities allows us to

estimate an altitude profile of total 11;504 vinr. Yor al altitude levels between 350 and

500 K with a step size of 10 K wec fitted thetotal HaSO4qvmr for the calculated volume

densitics to agree with the obscrvations. The result together with the value of x? is

shown inFigure 8. Total H2SO4 volume mixing ratios decrcase from 4 ppbv at 350 K to

less than 0.5 ppbv above 450 K. The low values above about 450 K are consistent with

background levels of stratospheric acrosols [Dye et al., 1992].

Conclusion

Arctic lidar measurements during the vole.a~lically perturbed winter1992/93 are
analyzed. Volume densitics of stratospheric aerosols with aerosol depolarization less
than 0.01 were foundto dccrease from about 10 p1n3/cim®at 350 K toncar Background
values of 0.1 pm®/cm? above 500 K potentialtemperature. At all altitude levels between
350 and 550 K a 2- to 30 fold incrcase in particle volume was observed as tcinpceratures
approached the frost point.

The good agreement between observed and calculated volume densities leads us to

the following conclusions.

« The smooth dependence of 'V oon temperature indicates that both the volcanic
sulfuric acid acrosol and the background sulfuric acrosol were not frozen but in the

liquid state. This result isconsistent with modcl calculations [Luo et al.,1 994].

. The apparent Jack of a sharp increase inV(7') just below the NAT equilibrium

temperature indicates that the particle comnposition is not NAT.

. Comparison between observed volume densitics at all three altitude levels and

model results suggests that the observed acrosols between 350 and 550 K with
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44 < 0.01arc composed of a ternary solution of sulfuric and nitric acid.

« Considerable IINOj gas phasce depletion of more than 90% occurs at all three
altitude levels for temperatures close to the frost point reducing the probability of

NAT particle formation.

However, more than 3570 of the totalacrosol data sct shows aerosol depolarization
of morc than 0.01 indicating the presence of non-spherical particles. The composition of

these solid PSC type la particles is still unclear.
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Figure Captions
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Figure 1. Top: HNOjzand 1,504 weight percentages at 50 mbar altitude (solid lines:
ternary, dashed line: binary system). Assumed total vinr of H,0, IINO;z and 1 ;SO
arc 5 ppmv, 10 ppbv and 0.5 ppbv, respectively. The vertical arrows indicate the NAT

cquilibriuin temperature and frost point. 130t tom: temperature dependence of refractive

indicesal 353, 532 and 1064 nm (solid: ternary, dashed: binary).
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Figurc! 2. Temporal development of median radius # as a function of potential

temperature during winter 1992/93.  # is shown in units of um. The dashed line

gives thetropopausc altitude. Bars above the figure indicate the time of the individual

mcasurci nents, White areas indicate that cith er lidar data is not available or values of #

and s canmot be derived or 4 cxceeds 0.01.
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Figure 3. Temporaldevelopinent of volu me density V as a function of potential

temperature during winter 1992/93. V is shown in units of m®/cm®.
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Figure 4. Temporal development of atinospheric temperature 7' as a function o f
potential temperature during winter 1992/93 derived from daily acrological soundings

at Ny-Alesund. 7' is shiown in units of K.
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Figure 5. Temperature dependence of volume density at thet 40( 1 K isentropic level (top).
HINQOg3 and H,0 vimr are assumed to be 5.7 ppbv (I,] MS) and 5 ppinv, respectively. The
data pointsarc geometric mecan values of mcasurcments recorded over a period of two
months. Mean atmospheric pressure is 914 11 h1’a. Results fromm S1'S model calculation)
arcshownas solid line where total 112504 vint of 2.3 ppbvisderived from a least square
{it to the data. The dashed (clashed-dotted) line gives the volume density for twice (half)
the amount of total 11,504 vmr. Arrows indicate the NAT equilibrium temperature and
thefrost point. The center diagram shows the temperature dependence of HINOg (dashed
linc) and H,S0y (solid line) weight pereentages. The INOg gas phase fraction (1INO;

vinr/ HNOj3 tots] vinr) as a function of temperature is given inthe bottom diagram.
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Figure 6. The same as Figure 5, however for an atitude of 440 K potential temperature.

1IINO; and 11,0 vmr are assumed to be 7.9 ppbv (1LIMS) and 5 ppmv, respectively. Mean
at mosplicric pressure is 63: 7.9hPa. The least square fit yiclds a total 11,504 vimr of

0.69 ppbv.
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Figure. 7. Thesame as I'igure 5, however for an altitude of 480 K potential temperature.
HNQOj3 and 11,0 vinr arc assumed to be 9.6 ppbv (1IMS) and 5 ppiv, respectively. Mcan

atmospheric pressure is 434 6.6 hPa. Thelcast square fit yields a total H504 vinr Of

0.22 ppbv.
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Figure 8. Total11,804 volume mixing ratio(Zs) as a function of altitude derived from

the comparison between S1'S modeland observation (Ieft). On the right hand side x? of

the fit is shown.




